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Soil Moisture Distributions in the Test Sites

The soil moisture content of sample sites were ob-
tained along the Skylab track for all missions for re-
lating to the return of Skylab sensors. Although the
distribution of samples in the test sites were care-
fully devised before going to the field, the coverage of
sensors was so large that samples could not cover the
entire area. Also all the soil samples could not be
taken in the same day. In éddition, thunderstorms in
the summer are very localized. As a result, distri-
‘bution of soil water content can vary considerably in
short distances. Therefore, it has been found neces-
sary to apply the techniques of climatic water balance
calculations to improve the ground truth information on
the geographical distribution of soil moisture in the
;est sites.

The climatic water balance technique required the
calculation of potential and actual evapotranspiration
from meteorological parameters. Thus, the soil mois-
ture storage and runoff could be determined by these
calculations for various soil types.

‘The methods used in this report were developed by
Thornthwaite (1948), Thornthwaite and Mather (1955), and
Eagleman (1971). These methods are simple to use and
produce good results (Penman, 1956 and Lin and Eagleman,

1971). Thornthwaite's equation can estimate daily rate
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of potentiél evapotranspiration (PE) from mean daily
temperature. This PE rate is adjusted by a factor
which varies with the day of year and the latitude of
the station (Thornthwaite and Mather, 1957). The actual
evapotranspiration at any location depends upon PE,
precipitation and the availability of so0il mositure and
can be calculated {(Eagleman, 1972). The available water’
which is the amount of water between wilting point and
field capacity; varies with different soils, Table I
(Salter and Williams, 1965). The soil type of each
station was determined from county soil survey maps and
other sources. A computer program (FORTRAN IV) has been
developed for these calculations. The inputs of the pro-
gram are monthly temperature, daily temperature, daily
precipitation, soil type, initial value of soil moisture,
and latitude of each station. The daily variation of
soil water storage in the upper six inches of soil depth
‘was then computed for 61 stations (Figure 1 ) from May 1
to September 13, 1973 in Texas and New Mexico, and for
57 stations (Figure 2) from July 19 to September 18, 1973
in Kansas. |

In order to be of value for comparison with Skylab
data, the moisture content of the upper six inch layer
had to be partitioned into each of the Separate one inch
layers. This was accomplished by using the moisture pro-

file from the sites where s0il moisture measurements were



TABLE I

Available Water Data for the Top 12 in. of Soil Sum-
marized as Means per Textural Class (After Salter
and Williams, 1965).

Textural FC WP AW
Class % H0) (% Hz0) (in.)

Sand 6.7 1.8 - 0.79

Loamy Sand 17.9 5.1 2.15

Fine Sandy 25.6 9.5 2.56

Loam '

Silt Loam 35.3 12.7 2.82

Clay 39.4 22.1 1.93
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available. It was assumed that the-moisture profile at
the calculated sites was the same as that at the nearest
measured site.

The measured and computed values of soil water con-
tent in the upper six inches of soil depth were compared
for the stations which had soil moisture measurements as
well as meteorological data for calculations, Figure 3.
The correlation coefficient is 0.87 and the averages of
the measured and computed soil water are 9.50% and 9.36%
respectively. Therefore, it appears that this is a use-
ful technique for obtaining more complete coverage of
~ground truth information for each test site and also for
‘adjusting all moisture measurements to the exact time of
Skylab data collection.

In pass 5, Skylab flew over the test site ffom
2:00:30 pm to 2:02:00pm, local time. The soil samples
were taken from 8:30 am, June 5, to 12:30 pm, June 6,
1973, There was no rainfall after Skylab passed this
area or before the soil samples were taken. The soil
water content of the first inch of soil -depth in perc
'centage by weight is plotted in Figure 4 for the 66
sites where soil moisture was measured and for the ad-
ditional 48 stations where soil moisture was calculated.
The technique of the weighted linear trend surface,
which is based on distance for weight and a least squares

solution for each grid intersection, was used to obtain
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the distribution of soil moisture content for the entire
test site.

In pass 16, Skylab passed over the test site from
10:04:00 am to 10:05:30 am, local time. The 720 soil
samples from 120 locations were taken from 8:30 am,
August 7, to 12:30 pm, August 9, 1571. There was 0.04
to 0.0B inches of rainfall in the early morning of
~August 8 in the northwest part of the test site. Accord-
ing. to the water balance calculations and the distri-
bution: of rainfall, 3% to 6% of soil water content has
" been added to the first inch of 18 soil samples which
were taken from Tahoka fo Lubbock in the evening of
August 7. The soil water content of the first inch of
soil depth in percentage by weight was then calculated
for the entire site based on the 120 soil moisture
measurement locations and 48 additional locations where
the soil moisture was calculated. Thus, a map of the
distribution of so0il moisture was obtained in the same
way as for Figure 4.

In pass 38, Skylab passed over the test site of
Texas from 11:57:00 am to 11:58:30 am, local time. The
soil samples were taken from 8:30 am, September 8 to
12:00 pm, September 10, There were different amounts of
rainfall and evapotranspiration in the different loca-
tions within the test site in the period from September

8 to September 13. It was necessary to adjust the water



content as measured by the soil samples for comparison
with the data from the Skylab sensors. The water con-
tent of the soil samples was adjusted according to the
calculated actual evapotranspiration and precipitation
based on data from the nearest weather stations.."The
distribution of soil moisture content over the entire
site was then calculated based on the 86 locations
where soil moisture content was measured and the 35
stations where the soil moisture content was calculated.
These addifions and refinements should improve the qual-
ity of the ground truth information so that future cor-
relations with Skylab sensors will be more precise.

In pass 15, Skylab passed over the Kansas test
site from 10:37:10 am to 10:38:10 am, local time. The
soil samples were taken from 8:30 am, August 5 to 12:00
pm, August 6. There was no rainfall after Skylab passed
this site or before soil samples were taken. The water
content of soil was so low that the actual evapotrans-
piration rate was negligible in the period of Augus; 5
to August 6. The ground truth data for this pass in-
cluded 42 so0il sites where the moisture content was
measured and 36 stations'wheré calculations were com-
pleted for obtaining the soil moisture distribution

patternsrpver the whele test site.
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Correlations with the Skylab sensors have not been
completed with these improved ground truth data but it is
anticipated that the results will be improved over that

previously reported.
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